Effects of such n-type semiconductors as TiO2 (anatase, rutile or surface-modified TiO2 and Pt-loaded Ti02), ZnO, W03 and MoS2 on the photodegradation of anionic DBS and cationic BDDAC surfactants, and related model compounds were examined in the present study. The anatase form of TiO2 showed greater photocatalytic activity than the rutile form. Noble-metal loaded catalysts (e. g., Ti02/Pt) were less photooxidative than the naked anatase TiO2 catalyst, possibly due to suppression of electron transfer of 02 to give 02-, namely photoreduction. The ZnO semiconductor catalyst decomposed DBS more rapidly than anatase Ti02. The photocatalytic activity of the other semiconductors examined (W03 and MoS2) was only slight in each case.
Introduction
Environmental pollution by chemical materials is one of several serious problems which must be solved globally. It is very difficult to remediate contaminated sites containing large amounts of chemicals only by the bacterial biodegradation method of an activated sludge. Advanced oxidation technologies(A0T)such as UV/03, UV /peroxide and photocatalysis, together with ozone treatment, high temperature-combustion, plasma procedure, alkaline or acidic hydrolysis, sonication or UV irradiation have all been investigated.
However, to some extent these methods have some advantages and disadvantages.
The photocatalytic degradation method that uses a TiO2 semiconductor catalyst has some attractive characteristics :
(1) rapid decomposition, (2) non-selectivity, (3) complete mineralization (4) inexpensive (save energy) when using solar exposure, (5) non-toxic, and (6) the catalyst can be immobilized.
In the past few years, we have published extensively on the photodegradation of some toxic or carcinogenic chemicals : agrochemicals of pesticide or herbicide (permethrin)1),2), chlorinated compounds of DDT3), chloropheno14) and cyanideo . The detoxification or photomineralization by TiO2 catalyst is one of the more promising methods. Surfactants discharged from industrial and domestic activities are the predominant causes of aquatic pollution in rivers, lakes and seas. The authors have reported a series of studies concerning the photocatalytic degradation of surfactants by the TiO2 cata-lyst6)-22 
Photolysis procedures
Each surfactant aqueous solution (0.1 mM, 50 mL) was placed with a catalyst (100 mg) in a 72-mL pyrex bottle and sonicated for 5 min. The sealed suspension in the bottle was saturated with oxygen gas. The above suspended solution was then irradiated with a Toshiba SHLS-1002A mercury lamp (100 W) under magnetic stirring. A 3-mL aliquot was sampled and analyzed by the disappearance of the appropriate UV absorption peak belonging to the surfactant being examined after the removal of catalyst particles by filtration and/or centrifugation (the decomposition of the aromatic ring was examined at 224 nm for DBS and BS, and at 220 nm for BDDAC and BTAC). The oxygen consumption and the CO2 evolution were monitored by gas chromatography using a Molecular sieve column and a Porapack Q column, respectively. The SO42-ion was assayed by ion chromatography through a Shodex 1-524 A anionic column using an aqueous phthalic acid solution (10 mM) as an eluent solution.
Results and discussion
The photocatalytic degradation of DBS by various semiconductor catalysts is shown in No photocatalytic degradation was observed when W03, rutile TiO2 and MoS2 were used. Fig. -4 depicts the photodecomposition of BTDAC. Anatase TiO2 (P-25) exhibited the highest photocatalytic activity for a cationic surfactant.
The photooxidation of cationic BTDAC surfactant was slower than that of anionic DBS surfactant with the same catalysts. The absorbance at 220 nm increased initially during the first 30 min of irradiation, since the photooxidized intermediate (hydroxylated BTDAC) formed also has a band in this region. The photolysis by W03 and MoS2 catalysts was poor. Although the photocatalytic data of SrTiO3 , Bi203, and Zr02 are not illustrated in Fig.-4 , BTDAC was scarcely decomposed by these materials.
The photodegradation of BTAC by the various photocatalytic materials is shown in Fig.-5 . The cationic BTAC having no long alkyl chain was only slightly decomposed. The order of degradation was as follows :
The formation of SO42-ions in the pho-tomineralization of DBS and BS is depicted in Fig.-6 .
The rate of formation of SO42ions is very fast initially within 20 min. It implies that the photodecomposition is initiated from the sulfuryl moiety of DBS or BS. The ZnO catalyst exhibited higher activity than anatase Ti02. BS was more rapidly decomposed than DBS surfactant in the initial illumination period. The CO2 evolution from the photomineralization of DBS is shown in Fig.-7 . Anatase TiO2 (P-25) evolved CO2 gas in a higher yield. ZnO gave a yield of 80% after 5 h-illumination time. Reaction of ZnO with CO32ions is not excluded.
The Pt-loaded TiO2 
